Abstract. The control load system is a human sense system, which simulates the sense of control force of the driver under different environmental conditions. According to the analysis of aircraft control system, gives a simulation of a certain type of flight simulator control loading system principle, build a digital electric control load system. The control strategy of the electric torque servo system, which is combined with the control of the closed loop PID control, the current loop control and the surplus torque compensation, is used in the flight simulator control system. The simulation results show that after adding the closed-loop controller and the current loop control, the overshoot of the system decreases and the following performance is better. The surplus torque is reduced by 95%. Actual control effect shows that the double loop combined with extra torque compensation of compound control can effectively reduce the surplus torque disturbance and control the system steady error. The research can provide theoretical basis for the prototype of the load system of flight simulator.
Introduction
Control loading system is an important part of flight simulator. Control loading system of flight simulator is mainly used for the simulation of aircraft longitudinal and transverse rod driving force and pedal force [1] . Its performance is good or not will directly affect the real degree of flight simulator and quality evaluation. There are two main factors affecting the performance of the simulator control load system one is the torque loading system; the two is the control strategy of the system surplus torque. Loading system is hard to continue to improve and the high cost, control strategy and software development potential is great, can make up for the inadequacy of the hardware, which can realize the demands of various nonlinear control [2] . In order to achieve the precise load of flight simulator control loading system, a compound control strategy is proposed which combines the double loop control and the control of the surplus torque to provide the theoretical basis for the construction of the system [3] .Finally, the system control effect is simulated and analyzed by using the MATLAB/Simulink tool and the feasibility of the compound control is verified on the prototype. The electric control system is composed of two parts the torque loading system and the control system. Each subsystem is composed of mechanical and electrical integration system and the overall structure of the system is shown in Figure 1 [4] .
The Structure of the Control Load System
Electric control loading system is a kind of passive force servo system, is also a typical position disturbance force application system, it requires the system is based on the load displacement of an object size to the driving rod applied the corresponding force F, the force to reproduce the model has high precision force function, and requires high real-time performance. The principle is when the pilot control stick, changing the location of the operating mechanism, a reference voltage of the input signal is given by the system, through the digital analog conversion module, the driver and the DC torque motor, the torque signal is obtained, and the circular motion is transformed into a linear motion through the pulley block transmission device. Then by the torque sensor for feedback and input reference signal are compared, adjust the difference, through the PID control to adjust the error was calculated, resulting in precise control signal and the motor torque control. Because of the disturbance of surplus torque, the photoelectric encoder is used to provide the angular velocity signal needed by the feed-forward control, and the system disturbance is compensated [5] .
Mathematical Model Control Load System
Flight simulator control load system is composed of three components pitch, roll and yaw. The principle of each channel loading system is similar. Taking the pitch channel as an example, the mathematical model of the torque servo system is established.
The DC Torque Motor [6]
The DC torque motor of Chengdu precision motor is selected, and the working mode of the motor is adopted. The equivalent circuit diagram of dc torque motor as shown in Figure 2 . As shown in Figure 2 , the expressions for the dynamic equation
Form in (1)- (4) Laplace transform and finishing, it can get the DC torque of the input and output expressions, that is, the mathematical model of the load torque motor
By the formula (5), the model diagram of load torque motor as shown in Figure 3 . 
Mathematical Model of the Torque Sensor
Torque sensor is an important device to measure the actual torque of the loaded object. Because of its excellent precision, small friction and good linearity, we can look at it as a proportional part. The mathematical model expression [7] ( ) [ ( ) 
Pulley Block Transmission [8]
Pulley block drives the circular motion into linear motion, and the direct output of the torque motor is doubled. Gearing is illustrated below. Diagram The dotted line represents the cable 1, the wire rope left fixed end 2, wire right positioning 3-7, the crown block 8, pulleys 9, around the spool 
Control System Design
Dynamic torque loader is electric torque loading system is controlled to output torque, which is a typical passive torque control system. The electric torque loading system developed in this paper is a high precision passive torque closed loop control system. Therefore, this paper makes a combined control design of torque closed loop PID control, current loop correction and extra torque compensation control for this problem.
The PID Control Design
Aiming at the problem of unstable system, the typical PID control is added in the system, and the negative feedback is introduced into the system. For its transfer function
Current Loop Correction
Torque feedback PID control make the system stable, quickness is better also, but the steady state error is bigger, can't meet the requirement of the performance of motor servo loading system, so, it is necessary to design a controller to improve its dynamic characteristics and to improve its accuracy and rapidity. To solve this problem, a typical current loop is added in the system, and the current negative feedback is introduced. The current loop is controlled by PI. The correction link for mathematical model
Form in p K is the amplification factor of the current loop; i T for the current loop time constant;
s is a complex variable.
Inhibition of Surplus Torque
Due to the strong position disturbance of the rudder system, the loading system output a large disturbance torque, that is, the extra torque [9] . It has a serious impact on the performance of electric loading system, and it is necessary to take effective methods to restrain it. Therefore, in this paper, the control compensation method is adopted to restrain the extraneous torque, and the angular velocity feed-forward compensation is introduced to achieve the goal of eliminating the surplus torque. The schematic diagram of the structure is shown in figure 5 . Figure 5 . Schematic diagram of structure invariance principle.
Among them, ( ) R s for a given command signal, ( ) G s for the actual output signal,  for the interference signal, in the interference signal , in order not to affect the actual output of the system G (s), so
The Simulation Analysis
Using MATLAB/Simulink software simulation to add PID control, current loop control, feed-forward compensation control. Stability, disturbance rejection and tracking ability of the system are analyzed. The system step response function curve ( Figure 6 ) shows that the system has a better control time, better stability and better reaction rate. Figure 7 shows the effect of the angular velocity method to eliminate the surplus torque. Can be seen from the figure, after the compensation decreased by 98.7%. Obviously, the angular velocity method can effectively reduce the surplus torque. Figure 8 shows the system tracking error. In summary, torque closed loop control, current loop correction control and the surplus torque compensation control composite control strategy can effectively inhibit the flight simulator electric control loading system of surplus torque, the steady-state error of the system control.
Summary
To study and design the control strategy of the electric control system of the flight simulator, and make it satisfy the requirement of the force sensing and the fidelity of the control load system. Simulation results show that the feed-forward compensation control can effectively suppress the excess torque, so that the system has the ability to suppress interference. The research can provide theoretical support for the construction of flight simulator control load system prototype.
